We evaluated the safety and feasibility of transperitoneal laparoscopic upper pole heminephrectomy (TLUHN) (range, 120-258), respectively (p=0.19). In the TLUHN and OUHN groups, the median blood loss was 25 ml (range, 20-30) and 35 ml (range, 20-100) (p=0.74), the median analgesic requirement was 0 hours (range, 0-42) and 0 hours (range, 0-87) (p=0.16), and the median hospital stay was 5.5 days (range, 3-7) and 7 days (range, 3-19) (p=0.01), respectively. There were no intraoperative complications in either group. Postoperative atelectasis occurred in two and five patients in the TLUHN and OUHN groups, respectively. Similar results were found in the subanalysis of patients younger than 24 months. 
INTRODUCTION
Laparoscopic renal surgeries in pediatric patients have made remarkable progress in the past decade. Laparoscopic nephrectomy in pediatric patients is now considered to be a safe and feasible procedure with a decreased length of hospital stay [1] . Since the first experience of laparoscopic heminephrectomy was reported by Jordan and Winslow in 1993 [2] , the operation has been reported as using either a transperitoneal or retroperitoneal approach [3] . However, the advantages of laparoscopic heminephrectomy over open surgery have not yet been verified. Moreover, some reports showed that laparoscopic heminephrectomy was not superior in terms of operative time or cost and was not safe in infants [4, 5] .
Thereafter, a few retrospective studies comparing the two operative methods found that laparoscopic heminephrectomy had an equivalent operative time, improved cosmesis, negligible blood loss, and shorter hospitalization [6, 7] . Because laparoscopic heminephrectomy has not been found to be superior to open surgery in younger children and infants, some investigators have performed comparative analysis of age-matched groups of pediatric patients, including infants, undergoing laparoscopic or open heminephrectomy [8, 9] . However, popu- Patient and surgical demographics are presented in Table 1 .
MATERIALS AND METHODS
The 10 patients in each group were matched by age (p=0.94), gender (p=1.0), and body weight (p=0.91). A subanalysis of patients younger than 24 months at surgery was also performed.
Ectopic ureter and ureterocele were included in the surgical indications, and no concomitant procedure was performed at the same time. Transection of the renal parenchyma was performed by using a harmonic scalpel. When the ureter was not dilated and the parenchyma was severely dysplastic, the boundary with the lower pole was marked by using an electrocautery, and then the upper pole was lifted upward and resected by using a harmonic scalpel. Hemostasis of the renal edges was achieved by an electrocautery or argon beam coagulator. A Jackson-Pratt drain was inserted through a 5 mm port site and the incisions were then closed.
Outcome data were retrospectively collected by chart review.
Operative time was determined based on anesthesia and nursing records. The operative time indicated the time between skin incision and skin closure in the OUHN group, and between skin incision for the first trocar placement and skin closure for the trocar wounds in the TLUHN group. Blood loss described as 'minimal' was estimated as less than 20 ml [10] . Analgesic 
RESULTS
The surgical outcomes of all patients are represented in Table   2 .
No patient underwent open conversion in the TLUHN group.
There were no significant differences in operative time, The surgical outcomes for patients younger than 24 months at surgery are presented in Table 3 . Patients in each group had identical age, sex, body weight, surgical indication, and operative side. These subgroups also had no significant differences in operative or convalescence parameters, except hospital stay (p=0.04).
DISCUSSION
The indications for a heminephrectomy in pediatric patients are to remove a nonfunctioning renal pole in a complicated duplex kidney and a renal pole with ectopic ureter causing urinary incontinence. Since the first reported laparoscopic heminephrectomy in pediatric patients in 1993 [2] , the operation has been tested and determined to be as a standard operative method to substitute for open surgey [7] . The advantages of the laparoscopic approach include magnification of vision, shorter hospital stay, and less surgical scarring [6, 11] .
In addition to its general advantages over open surgery, laparoscopic heminephrectomy has other benefits. First, the risk of vasospasm or vascular injury, which causes a problem in the blood supply to the remnant pole, is low in laparoscopic surgery [3] . Because the magnified image of laparoscopy makes it easier to observe the renal pedicle, the laparoscopic approach requires minimal dissection and traction of the remnant pole, which results in less damage. Second, if complete ureterectomy is required, the entire procedure can be done under laparoscopy without additional incisions as demanded in open surgery [12] .
Some reports had a negative view of laparoscopic heminephrectomy with regard to safety and feasibility in infants [4, 5] .
In a younger cohort of patients (mean age of 15. Although not significant, the median operative time for the TLUHN group was shorter than that for the OUHN group in the analysis of all patients and in the subanalysis of patients younger than 24 months. In two age-matched studies, laparoscopic heminephrectomy revealed similar operative time to open surgery regardless of the patient's age [8, 9] . The reason for the shorter operative time in the TLUHN group may be that the surgeon overcame the learning curve of other laparoscopic renal surgeries, and our study population did not include complex cases such as lower pole heminephrectomy or nephroureterectomy [4, 7] . Another explanation is that the two types of operation were not performed during the same period, and the OUHN group did not take the learning curve into consideration.
The TLUHN group tended to require less intravenous analgesics than the OUHN group, but this finding was obscured in the subanalysis of patients younger than 24 months.
Although other studies have reported similar results, the methods defining analgesic requirements were different.
Previous studies defined analgesic requirements by comparing analgesic use qualitatively and quantitatively [4] or by comparing the milligrams/kg of narcotics [7, 8] . Because intravenous analgesics were administered pro re nata (PRN) by a request of parents or judgment of physicians in our study, our definition is qualitative rather than quantitative.
The TLUHN group was superior to the OUHN group regarding the length of hospital stay after surgery. Thus, our results confirmed those of earlier studies [6] [7] [8] [9] . This finding indicates indirectly that children in the TLUHN group might be more comfortable after surgery. In our study, the TLUHN group showed a tendency for reduced intravenous analgesic requirements and occurrence of postoperative atelectasis. So we speculate that a low level of pain and decreased incidence of postoperative atelectasis may contribute to decreasing the length of hospital stay in LTUHN.
Our study has the advantage of an age-matched cohort in which the distributions of sex and body weight were equal, and to our knowledge it is the first study that compared two operative approaches of upper pole heminephrectomy that were performed consecutively by a single surgeon. However, there were several limitations in our study owing to its retrospective design. First, because two types of operation were performed during different periods, these results may be biased by various factors, such as surgeon's experience and changes in the discharging policy. Second, blood loss was described as 'minimal' in 12 patients. However, because postoperative hemoglobin was not routinely checked, it was not possible to get objective data. Therefore, the estimated blood loss was biased by the surgeon's intuition. Third, the level of pain is difficult to quantify because of a lack of a validated pain scoring system, nonstandardized pain management, and a variety of analgesics administered.
We favor the transperitoneal approach for several reasons.
First, the transperitoneal approach provides a wider working space and makes it easy to manipulate the laparoscopic instruments in small children [13] . Second, the transperitoneal approach allows the removal of the entire ureter during surgery [7] . The need to remove a distal ureter was reported in patients with ectopic ureters from open or laparoscopic series [14, 15] .
In the OUHN group, two patients required interventions for an infected distal ureteral stump (ultrasono-guided aspiration at postoperative 9 months and laparoscopic distal ureterectomy at postoperative 85 months). In the TLUHN group, one patient revealed a silent distal ureteral stump at 31 months postoperatively. The median follow-up period was significantly shorter in the TLUHN group, so long-term follow-up would be mandatory to study these anatomic results appropriately. Third, higher open conversion and complication rates are reported in the retroperitoneal approach [16] . We experienced one retroperitoneal heminephrectomy during the same study period, and the case revealed complete functional loss of the remnant pole.
CONCLUSIONS
Our age-matched study confirmed that LTUHN is safe and feasible even in infants, and the length of hospital stay was significantly shorter than with OUHN. In addition, operative time, level of pain, and postoperative complications tended to be favorable with LTUHN.
